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‘1’liljCCtolJ”  calculatiol)s  :11(’. USC(1  t o  r.xdll]iflc.  070]IC”  tlal)s]lo]’[  ill ttlc 1)01111  willtcl

~tliltos])llC.it’.  (ltl]i]}~,  lIC.Iio LIS of [IAI{S olmcrv:ltions.” ‘1’lIC lltility 01 tllCSC.  tl’iljN’tol”y  C:lluulil

tiolls foI ~lctclllli[litl~t,  II I:ISS tmtls])or[  lI:IS bc.c.11  \wI ifi(xl  1)1(.vi[)usly  wsi]ly  LIARS O1)SC.I v;l-

ti(llls 01 l(~lly,-livd [1’il(’Cls. 111 IIIC Illi(i(llc  Stliit(lS])llC.l L’.,  tll~. 07011C” t) Cllil\riol”  ol)SL’I’\’C.(1  1)s

h41 .S it] tl)(’ ])olill V(II(C.X i,s lt’.1)l{)LlllCC(l  t)~ {Ilis  11111’cly  (lyllilllliCill lIIOLIC1.  (’iil(’llliltioll.<

Stlo L\r tll C. Cvolutioll”  of OZ(~llC it) tl]C 10W’CI  Stlilto S])tl CIC (iulillf,  C.ill’1~ willtcl  to l)C. (l O1llillilt(’Ll

l)y d)/Iliitlli~s i]l I)CU 19°2 ill IIIC Alc’tic, l)ut tllc. ~ill~l)l:tti(]lls  su~,{’,cst  ttlc. l)ossil)ility of

sOII)C (Iiscc.rll:!l)lr  ~11~.tlli~ill  10SS  ill .IUII  l(~9?  in tt]~. Allti~l~tiC. (:iilUllliltiolls  Colliil”ln  Itl:lt

~llctlli~iil  dc.stwrtiol]  0 1  OYOIIe.  ” \v;IK itllj)ol[iillt  iil l:itc witltc.1  dutillg, Au{ I/SCII 1 ‘)92 ill tllc

Al]ti(l~.iiC illl(l  (Itliil)y,  l;~l)/h4iit 19°3 i[) tl)~  Atctic. 1 [stilliatc.s of (Iiflim]uc.s  brlwwlI  tlm

Cill Clllilt~Ll iill(l ol)Se.1’VC(l  ficlcls  Sllf,p,CS(  tll(l( (l~lliillli~ill Cll:lllfCS iilc:  ullillll)or[:~lit ill csti -

rlliltill~r,  ttl~. :ililo~lllt  ( I f  cl)c.lnic:ll  I(ISS ill tll~ Alltalctic.  II] tl]r Atctic,  (llltitl/*,  l~cl)/h4iil  ]~)[j3,

1. II]ldlmtioll

At) illllx)l[allt al](l  coIII]Ilrx  lIIC)l)IC.11-I  ill ll]](lc:jst:ttlclill~  ttw distlibutio]l  aIId c.volutioll”

of 020]IC”  ill tllc  Stlilto S]lll C.1’C i s  t h a t  o f  (lis[itlj!,llisllii]j~  ulw]lliual  fl’011)  dyllillNi L’[il Cfli.rts.

(II}C [1])] )1’oiiCl) ttlilt (’[ill l)C WSf’d  W’llCl~ O[)SC1  wtiolls o f  (17011C  :111(I  lllC.tCol’olopiCill ficl(is  :IIC

ii\Jitj]it[l]C. jS 10 lII()(Ic] 07011C” lliil)SJ)oll llSjll# \t’jlld S (lC. Ii\ ’(”(l flolll (II)SCI ViltioIIS,  1)111  if,llol”illj’,

CllCII’li(’i!l ])1’OCCSSW. A colnl):lrisol] of firl(ls tl]ws III()(ICICXI  wit}] OI)SCI vcd fields indic;ttrs

which  fC.:itll  I’t’.S  01 tllC OI)SC.J’VC.(1  fic.lds  11’lily  I)(’ c.xl)lai]lc(i I)y (l~llill  I”liCS.
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time }mi(ds  c(msi(icmxi  twre.. ‘1’111]s, dilfcrenccs tmtwccm  IIlc c:tluulate.(1  and obscrvd

(mom  fields are  indicntivc  o f  chcunicttl l o s s .  IIy cx:~minin~,  tlm tr;ins])(wkd  (Jn)nc  ill tlm

IOWCI° Stl’iltoSl)t)CIC,  Olld com]mrinp,  to tile tl”iillSJ)O1’1 of p:issivc  tl’[lCCl”S  SI)OWII  in I’ill’l 1, ill)(l

to OI)SC’.1”VCX1  0701) C,” WC J)lilCC SOIIIC.  l i m i t s  011 lIOW IIIIICI] of tt]e 070J]C c.volution  Ciil) t)C

cxpl:timxl solely  by tramslmr(  l)r(u.sse.s.

2, IIala and Analysis

‘] ‘Ilc tltlje,~t[()]’y c:llcul:ttio]ls fl]’c, (lc,s~:liljc,{l  it] l’:~1”[  1 (IIILI in h4(lllllCy  C.t (Il. ( 1 994L’).

1 lolizo]]t~l”  wilids {Ire. f’IC[~IN tl}~.  [It]itd Killg,doni  Mrte.(~l(~logic:ll  Offim (LJKh40)  (Iiitii

assimilation system (.Swinhnk  aIId O’Nc.ill  19(M) itt~(l vtmica] ve.l(witiex  from a rmmt

version of tlm mid(llc atn~osl)hcrc  radiation code h4 II IRA]],  an Ci\tli~14  version of which is

de.scrit)e.d  by Shim  (1 W). ‘Ikmiwrat urcs used it) the r:i(ii:ltio]]  COLIC.  arc from ttlc LJK h40

dat:i;  the r:ldiati(m code uscs N41 .S ozone,  cxcc.pt for the. Jun 1992 run when continuous

re.linb]e.  07011e dnta were not avnilablc,.  h4antwy e.t al. ( 1994c) discuss some.  limitations of

ttlC riidiation  tXtlCUliltioIl, illl(l differt’.mx  Sect)  I)c.twec.11 hcxtting Iate.s Catclll:ltc.d using,  cli-

matolog,iml  and h41 X omne.. ‘]hc  tr:ije.ctory  c o d e  (h4;mncy  et al.  1 !~(~k) llSC.S :i standnrd

four[h-()]dct  Rung,  c-Kut(a SC] ICIIIC, Winds  ill)(l tCl)lJ)C1’iitllt’CS (IIC il)tC1’~)oliltC.d  lit)cdrly  in

t i m e ,  from  the  ollcc d:iil  y Vat uCS to the  tr:ijecloly  time StC.})  ( 1/2 hour). 1 lc:ttilig t’iltC.S ;Irc

Kxxlculatcd  every 3 hours using itlteqmlate.  d te.t]lj)cr:~tlljei,  and arc itlte.t’l)[)liit(xl  litxwrly

to the tr:lje.ct(wy  timer stcl) bctwcem  caluulati(ms. 1 ‘urthcr details Of tllC. tt’iljCC[O1”y  t’:llCUl;l-

tion iirc. g,ivc.n by Manncy  et al. (1 Wlc), :It]d of tl]r initi:lliz.:~tio]l  of pnrccls  it] ]’ar( 1.

‘1’lK Rossby-1 lrtcl ~mtcntial  vor[icity  (l’V) is alSO Ciil~~l]lhtC(l  from the (IK h40 (Iiita

(M:inncy  and Zurck 1993) and is (’ol])])iirCd with cnlcul:itcd and observed tracer fields.

Wl]cll  exalnitjing  vClliCill  cross-sections, I’V is sc(llc(l  in “vo][icity  units” using,  [t St(tTl(ltll”{l

i~ttll(~sphr]”e.  value of tltc static st;lbility (1 lunke,r(o]l  and 1 k]isi  1980, Manney iit](l Y,urck

1 993); lllis gives a similar range. of values for I’V on isci)tropic  surl’wms  tt]rougl)out  ttlc,
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stl’[itos~)tlel”r.

‘1’t]c OZ.()])C  d{itii [iIe. f[()]~] tl]C M 1,S 205 (;1 IZ li[diO1~)CtC];  tliCy b[ive. boli~ot~t[ll”  ICSolL]-

tion of c-4(N km and vcr(icdl reso lu t ion  of ‘ 4 km. ‘1’hc LIARS Ml ,S imstru]ncnt  is

described by }Vtmtb et al. ( 1 993), nn(l l’Ctl’iC.Vill mctbods are. summa  rinxl by Waters et ii],

(  I 993a). l’rccisiol)s  (nns) of in(lividuat Omnc mcnsurcmcnts  for tl]e :I]titudcs CXilIl)ill(Xl

he.tr. arc :0,3 ppmv, with absolute  :muracics  of z 5-- 15% ((JARS dtitil Viilid(itiol) re.lmrt,

ill ]ll”t’.l~ill’illi oil). {I?OJ)C dat[i illW  &,l”iddCd  USillg };olll”iCl”  tl”[ll)Sfol’111  tCL’hlliqllCS thiit SC])ill”iitC

time and longitude. vitriatiom  (1 ~lsofl  :tnd Iir(lidcvaux 1993).

Air ]MICC.lS  arc it~itialiml  on the. grid de.scribecl  in l)ar( 1, on 15 June 1992 :tnd 18

Aug, 1992 in tbc S11, iil)d 3 lkc 1992  and 14 lkb 1993 in the. Nil; tbe tt”[ijcctory  CO(IC  was

1“111)  for 20 days for ttle .llll)e. 1992 C:ISC,  ad 30 days for cdl of the. Otbcl’ cases.  ‘Ihe. g,eJ)-

eri{l motions of air parcels  during, tksc ti]ne lmids were. dcscribcxl  t)y h4anncy  et ill.

(l 994 C),

‘J’hc  method used to g r i d  the calculated  fle.lds  f r o m  VillUf3 at the. :Idvcxted  parcel

positions” is dc.scribed in })itr[ 1, Results arc iIls(J eximined

to the dvected  paml positions; this is a str:tigt]tf(~]”\$’:trcl

dimcnsi(ms.

Ozone  is mostly produced in tbr  lllili-StliltoS])  l)CrC  at

by inteq)()]ating  observations

linear  intc.rpoloti(m  in tt)ree.-

IOW liititllLICS (C.g.,  Ilr:isse.ur.

SoloJnon  1 9X4). “1’he. purely acivcctive c:llculation  dcscribcxi  in }’art 1 wi l l  not mqin -

th:lt soUllX over the. time period d the. runs c(msidcrcd  belt; test Ci\lCllliitiollS for 1 ‘et)

Mar 1993 showecl  that the calculntecl fields very quickly diverged from tk obscrwxl

fields in low latituclc.s  bemuse<  ttmm was no me.cha]]isn]  for maintai]]ins  bigb (mme mix-

ing, ratios 01 tbc equator, ‘1’0 alleviate this l)roblcm,  whik  still nlaint:lining  dyIlilllliL~illly

COIltlWllCd  flCld S in mi(idlc {11)(1  hig,h liltitUllCS,  WC })oralneterize,  Stillld(trd  gOS phTW  07011C”

I]l]otoutlc]]]istly”  by relaxing, the 07.OIIC” field  to V:IILICS ot)scrv~d by Ml .S c[ic}~  diiy during

tl)C gridding  procedure, :N described by %butis ( 1 994), “1’be. lelilXilt i(lll time CollSiilllt is

dC]KlldCllt 011 latitude, altitude., illld (iily Of yCitl’, (111(1 is b~sd OH l:ig,ut’e  1 I Of Ciill”Ciii illl(l
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Solotnon  (1 985). l]elow =30 km, and in middle :Ind higtl latitude  regions  for all altitudes

considmxl  hcm, rclaxntion  time constants are much loJlgcr  than the 30 days f(M which

ttKXe 1111)S  [il’C dOJR. ] ]eJKc, the JICt CffCCt (f thiS  pl”OCCLiUIC  iS t o  foJ”CC im’cis  timt arc iJ)

low latitudes  in tl]c midclle.  and upper  sw:ltosphere  on a given {i:iy to hig,h omnc vaiuw+.

~k)nlimrisons  betwc.cn  fields gri~i(icci  using ti)is procedure. anti  the i)urciy :Idvcc(ive onc

cicscribc(i  in ~’[tl”t  1 shoWC{i  diffcmnce,s  (it latitudes gl’C:lteJ’  tl)iil~  :=30C)  in the mici(ile  stli\to-

si~hcre, only when equatorial air is being (imwn into high latitu(ic.s. ‘1’he pr(wcciure, with

tile tilm  constants ustxi here, resllits ill hol(iillg,  ozone C1OSC to itS ObSClve.Li  vaillcs  at ]ati -

tllcics  CX]llatol-wmi  of =30--400” at altitucie,s  above.  =30 k m ,  fiJIci aiiowing  a(ivection  to

cictermine.  its (iistributi(m e.lscwhcrc, ‘1’his is accc.i>tab]c  for tilis stuciy which focuses on

mid(ilean(i  high latitu(iesin tile.llli(i(ile:tl](i lowerstr:itos[lllere.”

3. Results

As in l’art ], we coJnparc ti]e :ivcr:~gc  t:i~ar:lcteristics  of tim fiel(is  with obse.rvati(~ns

iJltC~poifitCXi  to ti)e  p~r(%i  posit ions.” IiigtJre.  1 si~owsforeaci~  pcrio(i,at  405find  840 K ,

tile ave.rfige,,  minimum, anti maximum values of obscrve,(i ozone mixing ratios  interim-

l:itcci to the imrce]  positions, for t}mse  ixirccls ti]at were,  initialiy  insicie.  the vortex, m

Lie. fiJmd  by a l)V contour in the, region of strong PV gra(iiemts.  As ciemribcd in l’art 1, any

Ci]Ollge.S  in these from the first day rcprexe,nt  discrepancies bctwmn the observed fic]ci  an(i

tile field ti]tit would be calcuitite(i  by pure. a(ivection.

It is expected  ti]at at 840 K in the polar winter  rcgi(ms, ti]e bci~nvior of 07.OJIC  will &

Colltro]icxi by trtinsporl (e.g., ] larh N: Inn and ~;al”cia  i 979). “]’hi  S k Wrjfkd ill (ml”  c:licu]a-

ti(NN, in tilat  the p]ots of parceis  initia]iz.cci  at 840 K simw JW obvious  trends. “1’here is n

sligi]t ui)war(i  tren~i  in the last = 10 days of tile run starttxi id IJeb I ~~~, simiinr  to thfit

si~own in Part 1 for N20 :inci C;] 14. Sime  840 K is near (but bc]ow) the. 07.OIW  n~aximum,

dn(i Ve.l”ticai  g,ra(iie.  nts are. weak, this is fur{he.r evicicnce tilat tilis increase is dllc Jnaill]y  to



●

-7-

the h(wi70ntal evolution of the fie.lcis, as suggested in llirt  1,

No apparent trend is seem in the 465 K cnsmb]c  average ozone mixing ratios in the

two early winter time pmiods,  suggesting that dynmics  is still the main factor in the

evo]ution  of these fie]ds. Millillllllll  values at 465 K in ]Xx ](~92 show a steady  dowJ]-

ward trenci, suggesting the possibility of some localized tloll-~lyll:llllical  changes that am

not w i d e s p r e a d  CJIOLl@  to affect the ~VCJYl& I n  both o f  the late winter  casa,  t h e

observed omnc  at the parcel positions d~cr~i~s~s  stca~iiiy,  Since tile collcs[)ol~~iit)g”  plots

for passive tracers shown in Part ] do not show a similar tren(i, we coJK:]LIde.  that pJO-

ccsses  other than dynamics are important; this is expected in the SH late wintkr,  aJ)d .is

consistent witi) the findings of MaJ)JICy  et al. (1994b) for the NI 1 late winter of i 993,

I:igure. 2 shows synoptic maps from the grid(ied calculated fiel(is compare(i with

observations at 840 K, for the NI 1 ami S11 during late winter perimis. As was the, c:~se.  in

l)art 1 witi~ the passive tracer fielcis,  the transporl  calculation (ioes a good job of repro~iuc-

ing the extemt anti shaim of the region of low ozone in tiw polar vortex, :in~i  the tongues of

high o?.one that are drawn LJp around the ecigc of the vortex. On 2. anti  10 Mar 1993,

observations show a region of ]OW ozoJM in the anticyc]one  where the transport ca]cu]a-

ti(ms suggest there shou]d be high values. I)etaiie(i  trajectory calculations by M[iJIJICy  et

al, (1994, paper in preparation) indicate that this feature  cannot be generated by transimrt

processes alone.

Iior an overview of the ozone  evolution in tk mi~i-stratospheric polar vortex, l~igure

3 shows vmlex averaged ca]cu]ated and observe(i  ozone for each of the, four time perimis,

from 655- 1300 K. ‘i’he trajectory calculations re.prmillce  most features of the obsemui

(distributions k]ow = i ()()() K, in(licatillg  timt Jnost of these variations arc dLlc to Liynanli-

cal processes. ‘l’he differences between observations anti calculations for Dec 1992 sLlg-

gcst that tiw radiation c(xie used produces diabatic  ~iescent that is too strong mm< 84(1 K,

consistent with our finding from the stuciy of passive tracers in Parl I. Some irregularities

fire seen in the Ca]cu]ateci  fields at the highest levels toward the end of tile. runs. l’his is
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dm to the fact that by this time, there,  arc few parcels left at those levels  in the, polar

regions (Part I).

I;igure4  shows synoptic mapsat  465 K ofcalculatcxl  and observed ozone  thr(~ugh-

o u t  t h e  late w i n t e r  t i m e  pcrj(ds, We note that tongues of hi~h ozone are frequently

strjpped  off the edge of the vortex in the NI 1, and occasional] y in the S} 1, 3’he tr:ljectory

calculation  reproduces these fefitures at least through = clay 20 of the run. Within the vtw-

tcx, the calcultited  fields in Iiig. 4 show how the 465 K ozone field should  look if no

chemical destruction of ozone  occurred  after the initial day of the simulation. In the N} J

during  Fcb/Mar 1993, transpm causes ozone to increase gradually throughollt  the period,

whi]c observations show a steady decrease. “J’he predicted increase in the N} 1 due to

dynamical processes is consistent with the behavior inferred from passive tracer obsena-

tions and past studies of earlier years (Manney  et al,

omne  mixing ratios predicted by transport are nearly

decrease. rapidly. “I”he.  early winter fields at 465 K (not

fcrences between observed and calculated fields,

1994b, Part 1). In the Antfirctic,

constant, while observed values

shown) show no appreciable dif-

1 ;igure .5 shows vortex averages of calculated and observed ozone in the lower

stratosphere (420 - 655 K) for each of the four time.  periods. I)iabatic descent rates esti-

mated from the calculated fields as described in Par[ I are consistent with those obtained

from calculations based on Cl .AFS passive tracer fields, except during  Aug/Sep  1992,

when the value ob~~ined using calculated oz,me is =0.4 K/d (dtl/dI).  I’his is consistent

with the values estimated by Manney et al. ( 1994c) using the parcel positions directly,

anLi thus supports the view, stated in Part 1, that t}~ere may be problems

fields in the lower stratosphere on the initial (iay of this run, which were

mate in Parl I.

with the CI,AFN

used for the esti -

71~c observed and calculated vortex averages in Dcc 1992 are consistent with three

obtained from passive tracer fields, and thus sl~ggest  that the evolution of 07.oIM  in the

lower stratosphere during  this time period is donlinated  by dynamical processes. in JLIH
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1992,  observed vortex averaged c)zot~eshowsagl.ad~l;ll”  cic.crease  between =500  and 600

K, starting about the middle  of the time period (=22 Jun). ~’his decrease is not seen in the

calculated ozone, nor is it consistent with the behavior of passive tracers shown in Part 1.

At =550 K, if changes in the ozone field were caused by vertical motion, the observed

evolution would in~ply  a vortex averaged diabatic  (JscetIi of =[).7 K/d around that level.

Since Manney  et al. ( 1994c) and Patl 1 conclude that there is in fact quite strong diabatic

descent during this period (between =0.8 and =1.3 K/d), and since Manne.y  et al, ( 1994c)

show that there is very little mixing across the 1’V contour used here to define the vortex

average, it is unlikely that the observed changes in ozone be.twe,en 500 and 600 K during

Jur~ 1992  could be caused by dynamics alone. Waters et al, ( 1993b) showed significant

enhancement of ~.10 at 22 hPa (near 600 K) at this time, thus chemical 10,ss would be

expected, However, the changes shown here are quite small.

For the two late winter cases, it has previously been shown that depletion of omne

by chlorine chemistry is important (Waters et al. 1 !W3a,b; Manney et al. 1994b). The tra-

jectory calculations confirm that if only dynamical processes were important, ozme

should increase. at levels throughout the lower stratosphere, Using estimates given in Part

1 for (iiabatic  descent rates, at the end of the Feb/Mar  1993 run, (iynatnics  wmtl(i  be

expected to result in =3.3 to 3.S ppmv vortex averaged ozone at =470 K, as opposed to

the observed value of =2.7 to 2,9 ppmv. In Atlg/Sep 1992 in the Sli,  our estimates sug-

gest that dynamical processes would result in =3.0 to 3.2 ppmv vmex averaged ozone,  as

opposed to the observed value of= 1.9 to 2.0 ppmv.

Figure  6 compares, as a function of PV and 6’, ~iiffmmces in calculated and

observed ozone in the lower stratosphere between the first and last days of the two S} 1

runs and the Feb/Mar 1993 NH run, Parts (c) and (e), from observations are similar to

figures shown by Manney  et al. ( 1994b), but for a shorter time interval, so changes are

generally somewhat smaller. The predicted fields show, over most of the domain, an

increase in ozone, ciue to the diabatic  descent of higher  ozone from above. In Jun 1992,
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observed changcs show a decreme in ozone in the po]ar vortex betweem 500 and 600” K;

while this is not inconsistent with chemical 10ss occurring at this time, other observed

decreases, such as the widespread decrease above 750 K, are difficult to explain.

Gmparison  of the observed and calculated fields for Aug/Sep  1992 suggests that

changes above =750 K throughout the PV domain shown are explainable by dytl:lt~~ics

1a one. changes  below this level are dominated by chemistry. in the N} 1 in l~eb/Mar

1993, changes above =7(N K are generally reproduced with the dynamical model.

Although the calculated values suggest a small decrease in ozone between =550 and 650

K, and = 1.4 and 2.0 x 10-4 s-] in PV, t}~is  decrease could explain only a small fraction of

observed changes,

Figure 7 shows, for the S11 early winter time period, an estimate of the non-

dynamica]  changes in ozone (presumed to be chemical destruction) after the initial day of

the runs in the vortex average, determined by subtracting the observed ozone from the.

calculated value at 585 K on each day. The calculated non-dynamical change is com-

pared to the observed change from the value on the first day. lJI the SH early winter this

suggests that actual chemical 10SS might be =0. 1 ppmv more than the observed ozone

decrease, If, as suggested by the passive tracer study (Part 1) the trajectory calculations

underestimate the diabatic  descent in the S1+, the actual chemical 10SS could be somewhat

larger. However, the ozone decrease seen here is small (=0.15 to 0.25 ppmv),  probably

within the uncertainties in the data and analyses.

Figure 8 shows similar plots for the NH and S} 1 late winter time periods. in the NH

in Feb/Mar 1993, the calculations suggest that the loss due to non-dynamical processes

(chemistry) may have been =0,25 ppmv greater than the observed decrease over this 30

day period, as the chemical 10SS is superimposed on a dynamically produced increase in

ozone. This would raise the estimate of chemical ozone depletion at 465 K during this

time period from the observed change of =0.7 %/day (Manney et al. 1994b) to = 1 %/day,

Since Part 1 showed that the trajectory  calculation tended to ove,restimilte the diabatic
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descent here, we regard this as a upper limit on the actual  chen~ical  loss.

The two curves for the Aug/Sep  1992 time period are newly  indistinguishable. The

tr~~jectory  calculation did tend to underestimate the descent here, but even the largest esti-

mate suggested in Part 1 by either observations m calculations would result in an addi-

tional estimated chemical loss of only =0. 1 ppmv, a small percentage of the total

observed 10SS at this time. The amount of ozone decrease in the vortex is much greater in

the S1-1 than in the NH. in addition, the SH dynamical situation is much more quiescent,

so there is less descent of higher ozone from above. Thus, extracting the effects of

dynamics does not have an appreciable effect on the estimate of overall chetnical  ozone

10SS in the SH vortex. in contrast, diabatic  descent is larger in the NH, and net changes in

ozme are smaller, so dynamical effects must be accounted for to reliably estimate the

amount of chemical ozone destruction.

4. Conclusions

Trajectory  calculations are used to examine oz,one  changes in the polar  winter strato-

sphere for a period of UARS observations. The utility of these trajectory calculations for

determining mass transport was verified in Part I. We focus on comparisons with obser-

vations which provide information on where and when the observed evolution of ozone

cm m cannot be explained purely by dynamical processes, Four time periods were con-

sidered, covering early and late winter in the NH and the SH, when UARS MLS ozone

observations were available for high latitudes.

in the middle stratosphere, ozone in the polar vortex is shown to behave in a manner

consistent with the behavior of passive tracers discussed in Part 1. There are exceptions

to this dynamical consistency in mid-latitudes; one instance of this is shown here.

was

In the lower stratosphere, during Dec 1992

again consistent with that of passive tracers

in the, Nil, the average behavior of ozone

(Part 1), although there is a suggestion of
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some local non-dynamical changes. Observations showed some enhancement of ~10  in

the lower stratosphere at this time (Manney et al. 1994b); our calculations suggest that

there was not enough chemical loss to be detectable over the dynamically caused

changes. In the SH early winter, in Jun 1992, considerably more (30 enhancement was

seen (Waters et al. 1993b),  and the calculations presented here suggest the possibility of

some discernab]e  chemical 10SS.

It has been previously shown that chemical destruction of ozone was important dur-

ing the Aug/Sep  1992 SH period (Waters et al. 1993b, Manney et al 1993), and during  the

Feb/Mar 1993 NH” period (Manney et al. 1994b). Our CalCu]ati[)Ils  C{)nfirIn these res~j]tsc

Estimates of the differences between the calculated and observed fields suggest that the

dynamical changes do not significantly affect estimates of the amount of chemical loss in

the SH. in contrast, in the NH during Feb/Mar 1993, the estimates suggest that vortex

averaged chemical destruction of ozone at 465 K in the lower stratosphere may have been

as much as =1 %dday,  compared with the =0.7 %/day observed decrease in ozone.
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Figure Captions

Figure  1. Average (circles), minimum (triangles) and maxitnutn  (squares) observed 07

mixing ratios (ppmv)  for the ensemble of parcels that were initially inside (i.e., at

higher PV than) the 1.4 x 10-4 s-1 scaled PV contour (-PV in the SH),

values are interpolated to parcel positions

and maximum of these values are shown.

465 and 840 K in each of the four periods.

Figure 2. Synoptic maps of 03 at 840 K from

on each day, and the average,

Values are shown for parcels

Observed

minimum

started at

observations and trajectory calculations,

on days O, 8, 16 and 24 of the late winter runs in the NH and SH. The projection is

orthographic, with 0° longitude at the bottom of the plot in the NH and at the top in

the SH and 90[)E

era] PV contours

observed values.

to the right; dashed lines show 30° and 60° latitude circles, Sev-

in the region of strong PV gradients are overlaid on the plots of

Figure 3. Time series of vortex-averaged 03 mixing ratios (pprnv)  as a function of 0 in

the mid-stratosphere (655 K-- 1300 K). Vortex-averages are area weighted, and are

computed using the 1.4 x 10-4 s-] scaled PV contour (-PV in the SH) as a approxi-

mate definition of the vortex edge. Values between 5.2 and 5.4 ppmv are shaded,

Figure 4. Synoptic maps of ozone mixing ratios (ppmv)  at 465 K from observations and

trajectory calculations, cm days O, 4, 8, 12, 16, 20, 24, and 28 of the run started 14

Feb 1993 in the NH, and on days O, 8, 16, and 24 of the run started 18 Aug 1992 in

the SH. The layout is as described for Fig. 2.

Figure 5. As in Figure 3, but for the lower stratosphere (420 K--655 K). “The scaled PV

contour used is 1.2 x 10-4 s-] (-PV in the SH), and mixing ratios between 2.0 and

2.2 ppmv are shaded.
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Figure 6. Difference plots of ozone mixing ratios as a function of W and 0 in the lower

stratosphere, from the trajectory calculations and the observations, for day 20 minus

day O of the run started in Jun 1992 in the SH, and for day 29 minus day O of the

runs started in Aug 1992 in the SH and Feb 1993 in the NH, The polar vortex is at

PVvalues >=l.0-l.4x10-4 s-1, -PV is used in the SH,

Figure’ 7, Estimated “non-dynamical” ozone change between 15 Jun and 5 Jul 1992.

Solid line shows the difference between the observed and calculated vortex-averaged

ozone mixing ratio on each day. Dashed line shows the observed change in vortex-

averaged mixing ratio from 15 Jun.

Figure 8. As in Fig. 7, but for (a) 14 Feb through 15 Mar 1993 in the NH, and (b) 18 Aug

through 16 Sep 1992 in the SH.
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